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In addition to t e an lcipated contrac lon on annealing, these amorphous alloys exhibited peaks in their dilatation curves brought about by a simultaneous but temporary expansion during structural relaxation. Although there was a considerable difference in the length change of Fe40NiGpBfQ a ; d
Fe Ni P B samples, the low temperature relaxation behaviour of both alloys was qua11 a lve y sit?la$OaAj the relaxation parameter could be described by an equation of the form :
Introduction. -During liquid quenching of a metallic glass the kinetic nature of the glass transition results in the departure of the fictive glass transition temperature, Tf, from its quasistatic counterpart, T as Tf is proportional to the quenching g' rate. Glassy material produced at a lower quenching rate naturally has a lower energy state and hence a lower molar volume. Glass quenched at a higher rate is metastable in two ways, firstly with respect to its lowest energy state and secondly with respect to its crystalline counterpart. During subsequent heating at temperatures insufficient for crystalization this glass structure will relax towards more stable glassy state with lower energy and higher density. It was found that changes in many physical properties were brought about by structural relaxation and these could be used to monitor its kinetics. The large changes occuring in certain 2 magnetic1 andmechanical properties may be in particular conveniently used for this purpose. Density or volume changes associated with such a relaxation, due to annealing-out of excess free volume3, are very ~rna11"~'~ (2. 0,5 %) and difficult to measure. Since length changes are directly proportional to volume changes (~AI/I%Av/v), in this paper, we present an investigation of low temperature volume relaxation monitored by changes in length during annealing.
Experimental.-Glassy Fe40Ni40B20 and Fe40Ni40P14B6 samples were prepared in the ribbon form about 40 thick and 2 mm wide by melt spinning6. The dilatometer used for measuring the length changes during isothermal heating of these amorphous samples was a modification of the apparatus7 constructed for thermal dilatation measurements of metallic ribbons.
The sample was subjected to a homogeneous temperature field with the variation of approximately + 0,04 K. Due to its low heat capacity the samples were able to reach furnace temperature in less than one second. The subsequent changes in the sample length were transmitted to the LVDT transducer con- In order to keep the ribbons straight during measu--2 rements a tensile stress of about 0,3 N m was applied, which had no influence on low temoerature an-5 nealing process .
The measurements were carried out at temperatures below 600 K in order to avoid the introduction of effects due to creep at higher temperatures. Rvo is the amount of relative volume change that occurred during quenching resulting from finite quenching rate.
R is the actual relative volume change during relaxation. k is Boltzmann constant and a and c are constants.
T is the annealing temperature.
The term aR in equation (2) It is worth notong that similar kinetic behaviour was determined for annealing out of voids introduced 8 in aluminum during neutron irradiation .
We also wish to emphasise the occurence of small peaks ( an increase in the length ) in All1 isotherms of our samples at longer times of annealing, which are not closely connected with densification. These peaks occurred at longer times for lover annealing temperatures.and they also showed rather a complex nature of the low temperature structural relaxation in metallicglasses-A c o m p l e t e p h y s i c a l e x p l a n a t i o n f o r this behaviour will be presented in paper to follow. 
